Abstract: 1,2,3-Trimethylbenzimidazolium iodide and its analogue salts with one or two substituents on benzene ring (X = NO 2 , Br, Cl, CH 3 ) are, due to the reactivity of the 2-methyl group, able to react with para-substituted aromatic aldehydes (X = OH, OCH 3 , CH 3 , NMe 2 , NO 2 ) using piperidine as a catalyst. 1-Methyl-2-styrylbenzimidazole iodomethylates were obtained and their structure elucidated by means of NMR and IR spectroscopy. The compounds are interesting as hemicyanine dyes. They lend themselves to studies based on electronic absorption spectroscopy and they have potential practical applications linked to their photosensitive properties.
INTRODUCTION
The hydrogen atoms of a methyl group in the 2 position of benzazolium salts (1) have increased mobility, which depends on the nature of the X group 1 and on the basicity of the heterocycle ring. 2 The unshared electron pair at N-1 in benzimidazolium salts (X = NCH 3 ) partially compensates the electronic deficiency caused by the positively charged N-3 on the C-2 atom. Simultaneously, the imidazole ring, being the most basic in the mentioned series will have a moderate reactivity at the 2-methyl group, due to the cumulative effect of internal mesomery and basicity.
According to some authors, the acidification of the hydrogen atoms could increase under the action of one nitro group in position 5, which draws the unshared electrons from N-1 (effect -M), thus reducing the internal mesomery with N-3. 3 The carbimonium salts, 1, similarly to pyridinium, quinolinium and naphthazolium salts etc., due to the reactive 2-methyl group, undergo condensation reactions with p-nitroso-N,N-dimethylaniline and aromatic aldehydes, forming methylene bases or cyanine dyes and participate in azo coupling reactions. [4] [5] [6] [7] In previous studies, 8 attention was focused on some 1,2,3-trimethylbenzimidazolium salts, which, by reaction with para-nitroso-N,N-dimethylaniline, led to azomethines having azahemicyanine dye structures and potential photosensitive properties.
The reactivity of the 2-methyl group in reaction with aromatic aldehydes was also investigated. 9 The reaction was applied for the synthesis of some compounds, using as the substrate 1,2,3-trimethylbenzimidazolium iodide, and other salts monosubstituted in the benzene ring (X = Br, NO 2 ).
Taking into account the general character of the reaction, these studies were extended in this work to include synthesis with other quaternary salts, mono-and disubstituted in the benzene ring, in order to obtain a wide series of 2-styrylbenzimidazolium iodides. The synthesized compounds are important as hemicyanine dyes having a lateral conjugated chain, which includes one photoexcitable double bond. Such systems lend themselves to various investigations based on their electronic absorption spectra, which could make evident by structure-colour correlation with theoretical and practical applications, the latter ones being connected with their photosensitive or photochromic properties.
Hitherto, the reactivity of some iodides, such as 5-chloro, 5-methyl, 5,6-dinitro and 4,6-dibromo benzimidazolium salts, with aromatic aldehydes has not been tested.
RESULTS AND DISCUSSION
Starting from 1,2,3-trimethylbenzimidazolium iodides, 2, mono-and di-substituted at the benzene ring (X 1 , X 2 = H, NO 2 , Br, Cl, CH 3 ), condensations were performed with para-substituted aromatic aldehydes, 3, having electron donor or electron withdrawing groups.
The following reaction scheme, leading to quaternized styryl derivatives, 4, was applied (Scheme 1).
It was considered to be of interest to study how the unsubstituted quaternary salt (X 1 = X 2 = H) and the other derivatives mono-and disubstituted at the benzene ring undergo condensation reactions with five common aromatic aldehydes.
The reaction occurred between equimolar amounts of quaternary salt and aromatic aldehyde, using ethanol as solvent and piperidine as a catalyst. The solution was heated, under stirring, whereby a colour change was visible (to yellow, orange, rusty-brown or dark red), depending on the nature of the reactants. The reaction was allowed to proceed for 2-8 hours. Longer reaction times had to be used for para-hydroxy-, para-methoxy-and para-methyl-benzaldehydes, especially when they were condensed with the unsubstituted quaternary salt or those substituted with bromine or chlorine atoms. The iodomethylates with nitro groups, being quite reactive because of electronic effects, required between 1 and 4 hours.
When para-nitrobenzaldehyde was used as the carbonyl compound, the reaction products separated from the solution after a rather long time. Apart from this, the colour of the solution changed to rusty brown and some resin was formed.
The synthesized compounds were characterized by their melting point and elemental analysis. The results are given in Table I . The compounds 4 separated as yellow, orange, brown or even red crystals on cooling and allowing to stand for various periods of time at room temperature. On heating these compounds in ethanol, a large amount was dissolved and then crystallized on cooling. With small amounts of ethanol, an insoluble fraction was isolated, having a melting point higher than that of the fraction recrystallized from ethanol. On removing the solvent from the ethanol filtrate, an additional amount of substance separated, which was purified by recrystallization from methanol or dispersed with methyl acetate.
Generally, the styryl derivatives have high melting points and are insoluble in most of the usual organic solvents. All of them can be dissolved in DMSO, warm ethanol, DMF, and sometimes in acetone and chloroform.
The ethylene bond suggests the possibility of geometric isomerism (Scheme 2).
The E isomer, being more stable, is the single one resulting from the studied reaction.
The structure of styrylbenzimidazole iodomethylates was investigated by means of IR, 1 H-and 13 C-NMR spectroscopy.
The IR spectra show some characteristic bands for all the synthesized compounds. Thus, the stretching vibration for C = N and C = C bonds were to be found in the 1622-1631 cm -1 range, as a strong or medium band.
The methyl groups were identified by their stretching vibrations nCH, which give low intensity absorptions between 2808 cm -1 and 2999 cm -1 . The deformation vibrations dCH 3 sym. and dCH 3 asym. gave other strong and very strong absorptions around 1370 cm -1 and 1475 cm -1 , respectively.
The peaks corresponding to = CH bonds from the benzene ring, appeared at 3020 cm -1 and between 3062 and 3093 cm -1 and were of weak intensity. The ab- sorptions for the ethylenic group =CH were located within the same range. Stretching vibrations of the aromatic C-C bond gave a strong band between 1587 and 1606 cm -1 , usually at 1598 cm -1 . The aromatic bonds also gave absorption bands between 1500 and 1535 cm -1 and around 1450 cm -1 .
The configuration of the double bond R 1 -CH=CH-R 2 could be analysed by means of the out-of-plane deformation vibrations of the =CH-bond, which, for the trans stereoisomer, appeared between 965 and 990 cm -1 (usually at 981, 983 and 985 cm -1 ).
The para-methoxy-substituted compounds (4a 1 , 4d 3 , 4e 1 , 4f 3 , 4g 3 ) had peaks between 1014 and 1028 cm -1 and at 1255 cm -1 , corresponding to the vibrations nC-O-C sym., and asym., respectively. The nitro groups gave two peaks, generated by the sym. and asym. nNO 2 stretching vibrations, at 1336 -1344 cm -1 and 1517 -1529 cm -1 , respectively.
The phenol group (compounds 4b, 4c 1 , 4d 2 , 4f 2 , 4g 2 ) produced peaks corresponding to valency vibration of unassociated molecules at about 3600 cm -1 and to associated ones between 3300 and 3500 cm -1 .
The NMR spectra confirmed the structure of the synthesized compounds 4, as indicated in Table II. The 1 H-NMR spectra confirmed the presence of characteristic structural moieties for each compound.
In the aliphatic zone of the spectra, all methyl groups were identified (ºN + -CH 3 , OCH 3 , CH 3 , Ar-CH 3 ) at the appropriate d values. The peaks corresponding to the methyl groups appear in the following order:
The reason why the signals for the methyl groups bonded to N 1 and N 3 appear at lower field values is because of unscreening due to the delocalized positive charge of the two nitrogen atoms.
Because of the conjugated double bond system, the two ethylene protons appeared in the aromatic proton region, C 2 -CH= being more deshielded than =CH-Ph. The high value of the coupling constant (J = 16 Hz) shows that the vinyl protons were in the trans configuration.
The aromatic protons in the phenyl ring of the benzimidazole system were identified through coupling constants and surroundings. Thus, for the compounds asymmetrically substituted at the benzene ring (4b, 4c 1 -c 2 , 4e 1 -e 2 , 4f 1 -f 4 , 4g 1 -g 5 ), instead of doublets, singlets at very close d values appeared.
Unscreening produced by the nitro group in the 3', 5' or 4, 6 positions shifted the corresponding peaks of the adjacent protons to lower field values.
The proton of the phenyl group, being the most unscreened, appeared as the last one in the NMR spectra.
It is also noticeable that adjacent protons on the benzene rings have the same values of the coupling constants.
EXPERIMENTAL
Melting points were determined using a Boetius microscope and are uncorrected. Microanalyses were performed at the Petru Poni Macromolecular Chemistry Institute, Iasi. IR spectra were recorded on a Digilab Scimitar Series spectrometer, in KBr pellets while the NMR spectra were registered on a Bruker WM 400 spectometer, in DMSO-d 6 solution.
Synthesis of 1,2,3-trimethylbenzimidazolium iodide and its mono-and disubstituted derivatives 2 a-g. General procedure.
1,2-Dimethylbenzimidazole or 2-methylbenzimidazole and their derivatives mono-and disubstituted in the benzene ring, were treated with 1, respectively 2 moles of methyl iodide in methanol. The mixture was heated on silicone oil bath for 4 h, at 120 -140 o C. The obtained crystalline mass was recrystallized from water in order to eliminate the less soluble periodide.
Synthesis of 1-methyl-2-styrylbenzimidazole iodomethylates 4a-g. General procedure.
To equimolar amounts of benzimidazolium iodide and aromatic aldehyde, dissolved in ethanol, 3-5 drops piperidine were added and the mixture was refluxed for 2-8 h, depending on the reactivity of the reactants. The separation and purification methods were somewhat different from one product to another, some of the details being shown in Table I . 1,2,3-Trimetilbenzimidazolijum-jodid i wegove analogne soli sa jednim ili dva supstituenta na benzolovom prstenu (X = NO 2 , Br, Cl, CH 3 ) su zbog reaktivnosti 2-metil grupe u stawu da reaguju sa para-supstituisanim aromati~nim aldehidima (X = OH, OCH 3 , CH 3 , NMe 2 , NO 2 ) uz piperidin kao katalizator. Dobijeni su 1-metil-2-stirilbenzimidazol-jodometilati, a wihova struktura odre|ena je NMR i IR spektroskopijom. Jediwewa su interesantna kao hemicijaninske boje. Ova jediwewa se mogu prou~avati elektronskom apsorpcionom spektroskopijom, a imaju prakti~ni zna~aj zbog svojih fotoosetqivih osobina. 
